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Abstract
Background: Validity, reliability and clinical value of classical urinary parameters for transplant 
monitoring are controversial. Urinary parameters were analyzed regarding cost-effectiveness, 
frequency of urinary tract infection and prediction of renal graft function and rejection. 
Methods: Urinary parameters of the first two postoperative weeks of 120 renal transplant 
patients were retrospectively correlated with the postoperative course. Results: Creatinine 
levels were significantly different on each postoperative day between the groups with and 
without rejection. Osmolaluria, diuresis and serum creatinine are equivalent in predicting graft 
rejection. Osmolaluria is not suitable as a distinguishing criterion between graft rejection and 
other complications. Measurement of glucosuria has no diagnostic value. Proteinuria has no 
prognostic relevance regarding rejection, although proteinuria >0.5g/l occurred more often in 
patients with rejection. Despite antibiotic prophylaxis with co-trimoxazole, 41 of 120 patients 
(34%) suffered from urinary tract infection (UTI; mostly E. coli) within the first 14 days after 
transplantation. Conclusions: The measurement of some classical urinary parameters delivers 
no diagnostic gain. UTIs are frequent despite antibiotic prophylaxis, but the use of urine 
cultures makes sense only if a (cheaper) semiquantitative test is positive.
Introduction
Specific patterns in urinalysis provide information about renal diseases. Urine strip test 
allows semiquantitative evaluation of proteins, glucose, leucocytes and haemo-/myoglobin. 
Bacteriological evaluation, quantitative measurement of electrolytes and metabolites 
are further possibilities for urine diagnostic. Most renal transplants are functioning well 
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immediately after transplantation. In some cases function is delayed or does not occur at all. 
During the early phase (first 14 days) possible causes include ischemic and reperfusion injury, 
rejection and adverse drug effects. To maintain transplant function in case of rejection, early 
diagnosis and immediate therapy are crucial [1]. Even when clinically suspected, diagnosis 
is confirmed only histologically. Urine analysis might be a non-invasive and cost-efficient 
method for monitoring renal transplants. Previous studies reported that morphological 
features of urinary sediment including increasing cellularity, especially lymphocytes and 
tubular cells, could anticipate renal rejection [2]. The aim of our  study was to evaluate 
urinary findings in the early phase after renal transplantation and to correlate them with 
acute rejection. 
Methods
Patients
Between January 2007 and June 2008, 120 consecutive renal transplant patients were included 
and grouped according to the occurrence of histologically confirmed rejection in the first 14 days after 
transplantation. 
Methods
24-hour urine collection was obtained daily to quantify diuresis, osmolality and osmolaluria. Twice 
a week, glucose and protein excretion was determined in the 24-hour urine collection. From spontaneous 
urine, strip test (Combur-Test®, Roche Diagnostics, Mannheim, Germany) and microscopic examination as 
well as determination of osmolality, sodium, potassium, creatinine and protein were made Mondays and 
Thursdays. Every Thursday a urine culture took place. 
Osmolality was quantified using the Fiske® Modell 210 Mikro-Osmometer (Advanced® Instruments 
Inc., Norwood, MA). Osmolaluria was calculated from 24-hour diuresis and osmolality. For strip test 
interpretation, Miditron Junior II®  (Roche Diagnostics, Mannheim, Germany) was used. Serum creatinine 
was measured kinetic by the Jaffé method. 
If results were normal distributed (Kolmogorow-Smirnow-test), mean values (± standard deviation) 
and t-test were used, otherwise we used median values (interquartile range (IQR)) and Mann-Withney-U 
test. Null hypothesis was rejected when p<0.05 (two tailed). Receiver-operating characteristic (ROC) curves 
were calculated for osmolality and osmolaluria [3]. Statistic calculation was performed with SPSS 17.0. 
(SPSS Inc, Chicago, IL)
Results
Table 1 shows the characteristics of the transplant recipients. From 120 patients, 95 
(79%) did not show acute rejection (NRej) in the first two postoperative weeks, whilst 25 
(21%) showed histological evidence for acute rejection (Rej). Twice as many men as women 
were transplanted. 
Two thirds of all transplants were from donors after brain death, one third from living 
donors. 
There were 100 donors of whom 53 were women. Average age approximately 
corresponded to the recipients and did not differ between living and post-mortem donors (52 
±15 years). Cold ischemia time of the organ was just about 90 min for living donor transplants 
and 716 ±241 minutes for post-mortem renal transplants. Standard immunosuppression 
included prednisone, cyclosporine and mycophenolate without induction therapy. Of 38 
biopsies, 25 showed evidence of acute rejection (24 patients Banff IIA, 1 patient Banff IIB), 
15 in the first week and 10 in the second week. The other biopsies showed tubular necrosis 
or tubulointerstitial infiltrates not qualifying for Banff IA. No graft recipient died within the 
first 14 postoperative days.
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Diuresis
The NRej group showed a linear decline of diuresis from 3571 (±1939) ml/d to 
2424 (±826) ml/d in the second week. The Rej group showed lower diuresis at the first 
postoperative day (2947 (± 1579) ml/d) and in the second week 2045 (± 1092) ml/d. 
Differences between NRej and Rej groups were significant on day 3, 4, 5 and 7 (p<0.05).
Urine osmolality and osmolaluria
Urine osmolality of the Rej group was lower (366 ±48 mOms/kg on days 2-8) compared 
with the NRej group (399 ±80 mOsm/kg on days 2-8), but difference was significant just 
Table 1. Charac-
teristics of trans-
plant recipients 
Fig. 1. Time 
course of serum 
creatinine in NRej 
and Rej group 
(grey).
Serum creatinine
Figure 1 shows the time course of creatinine in patients with or without acute rejection. 
The values between these groups were significantly different on each postoperative day 
(p<0.05). Patients in the NRej group showed a median value of 384 (IQR 307) µmol/l on 
postoperative day 1 and stabilised around 130 (80) µmol/l upon day 5. Patients in the Rej 
group had 576 (231) µmol/l on day 1 and still 195 (185) µmol/l on day 14.
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was 83.3% and 79%, respectively. Comparison of osmolaluria in patients who had a biopsy 
with no proof of rejection (meaning patients with clinical suspicion of rejection; BxNRej, 
n=13) and patients with histologically confirmed rejection could be made only after day 4 
because of data restriction. In this clinical relevant situation, AUC was only 0.578 and thus 
even lower than in the overall group. Comparison of ROC-values for diuresis and osmolaluria 
between NRej and Rej group showed a similar AUC on day 3 and 4 with a value around 0.74 
and a lower AUC for Diuresis (around 0.66) compared with osmolaluria (around 0.8) on day 
2 and 5. 
The ROC-curves for serum creatinine and osmolaluria concerning prediction of acute 
rejection showed only little differences (table 2).
Fig. 2. Osmolaluria 
in NRej/Rej.
Fig. 3. ROC-Curve for Osmolaluria concerning rejec-
tion on day 2.
on day 3 (p=0.043), 5 (p=0.031) and 8 
(p= 0.034). Osmolaluria was significantly 
different between NRej and Rej group on each 
postoperative day (p<0.05). Patients without 
rejection had an osmolaluria of 1204 (±544) 
mOsm/d on day 2. Thereafter, osmolaluria 
decreased steadily to 912 (±504) mOsm/d 
on day 13. Patients with acute rejection in 
the follow-up had an osmolaluria of 656 
(±443) mOsm/d on day 2 and 811 (±408) 
mOsm/d on day 13 (fig 2). The ROC curve 
of osmolaluria to predict a rejection in the 
first 14 postoperative days showed an AUC 
(area under the curve) of 0.816 on day 2 (fig 
3). If osmolaluria falls below 600 mOsmol/l, 
sensitivity and specificity for prediction of 
rejection is 66.7% and 89.5%, respectively. 
Setting limit value at 1249 mOsm/d, 
sensitivity and negative predictive value for 
rejection were 100%. 
Including only patients with 
histologically confirmed rejection within the 
first 10 days (n=19), AUC was 0.827 on day 
3. At 750 mOsm/d, sensitivity and specificity 
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Glucosuria
Glucosuria increased in the NRej group from a median of 1.53 (IQR 7.04) mmol/l in the 
first week to 2.23 (7.09) mmol/l in the second week. In the Rej group, the increase was from 
1.23 (4.26) mmol/l to 2.91 (7.28) mmol/l (not significant). 
Table 2. Number of measurement values (NMV), AUC, limit values, sensitivity und specificity of serum 
creatinine and osmolaluria for Rej when undercut (crea) resp. exceeded (osmo) the limit value at the 
respective postoperative day
Fig. 4. Proteinuria 
in g/l in NRej and 
Rej groups.
Urine strip test
Strip test was performed every third or fourth day. pH was between 4.5 and 8 in all 
measurements. Urine glucose was negative in 85% of all measurements. Semiquantitative 
protein values (1-3 +, 1+ around 30 mg/dl, 2+ around 100mg/dl, 3+ ≥500mg/dl) decreased 
over the two postoperative weeks in the NRej and the Rej group (from 2.5 (IQR 1.75)+ 
resp. 2 (2)+ on day 2 to 1(1) + on day 14). Differences between NRej and Rej group were 
never significant. Haemoglobin/Myoglobine (Hb/Mb) was positive in 249 of 266 (95%) 
measurements and in each patient at least once in the observed period. Nitrite, ketone, 
urobilinogen and bilirubin were not detectable in any patient. Semiquanititative leucocyte 
test was negative over the whole period in only 14 (12%) patients.
Proteinuria
Proteinuria (in g/l and g/d) was obtained from 24-hour urine collection. Measurement 
was done irregularly and at the times of measurement in less than 1/3 of the cohort. Values 
decreased over the two weeks and there was no significant difference between NRej and 
Rej Group, but patients with a rejection showed more often a proteinuria >0.5g/l (fig. 4). 
Proteinuria >0.5 g/l and >0.8 g/l have a specificity of 80% and 90%, respectively, regarding 
prediction of rejection.
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Microbiology
Depending on bacteriological findings a classification into 1) not detectable, 2) 
contaminated and 3) bacteria found, was performed (table 3). Contamination was defined 
as ≥3 different bacteria or ≤104 colony forming units (CFU)/ml. 
Antibiotic prophylaxis was effected with a single-dose of 2.2g amoxicilline/clavulanic 
acid intraoperatively and with co-trimoxazole (sulfamethoxazole/trimethoprim) 
postoperatively for 6 months. An antibiogram was done, if e.coli, klebsiella, pseudomonas, 
proteus mirabilis or coagulase negative staphylococci (CNS) were isolated (n=20). All tested 
bacteria were resistant to co-trimoxazole, 5 additionally to amoxicilline/clavulanic acid. 
One extended spectrum beta-lactamase producing germ was found. Bacteria resistant to co-
trimoxazole were resistant also to ampicillin with one exception. Resistance to tetracycline 
was also frequent (70%). 
Discussion
As urine is easy to obtain and classical parameters of urinalysis are inexpensive, it would 
be interesting if this method would be able to assist in determining rejection reaction in renal 
transplants. Osmolality marks the renal concentrating power, which depends on tubular 
function of the nephrons. In case of an ischemic renal lesion, osmolality is lower compared 
to a healthy kidney [4]. In this study, osmolality showed significant differences between 
rejection (Rej) and non-rejection (NRej) group only on some days, which might be due to our 
low case number. For osmolaluria, we found a more evident difference, but as a parameter 
to predict rejection osmolaluria did show only little and clinical not significant differences 
to diuresis regarding the ROC-values. Comparing patients with biopsy but without rejection 
to patients with histologically confirmed rejection in terms of osmolaluria, the AUC of 0.578 
revealed, that it is not possible to distinct between rejection and other complications like 
tubular necrosis, based on osmolaluria values. The ROC-curves for osmolaluria (on day 2 
to 5) and for serum creatinine between NRej and Rej group showed only little differences. 
Combination of creatinine and osmolaluria measurements did not improve validity 
regarding prediction of rejection (data not shown). In conclusion, osmolaluria has a similar 
value as diuresis for prediction of rejection and both parameters do not add benefit to the 
measurement of serum creatinine alone. 
Strip test and microscopic sediment did not show significant differences between Rej 
and NRej patients and do not qualify to evaluate for a rejection, but may indicate urinary 
tract infection, polyomavirus nephropathy [2] or a relapse of the underlying disease.
A late occurrence of proteinuria after renal transplantation is associated with reduced 
graft and patient survival [5]. Reasons include relapse or de novo glomerulonephritis as well 
as transplant glomerulopathy, chronic rejection, nephrosclerosis, renal vein thrombosis and 
reflux nephropathy [6, 7]. Proteinuria is also a risk factor for cardiovascular morbidity and 
mortality in the general population [8, 9]. Former studies demonstrated that occurrence of 
proteinuria in the early phase after renal transplantation is frequent but often not persistent 
and quantity as well as duration has no prognostic relevance [10, 11]. However, from the 
third month after transplantation onwards, even low-level proteinuria (0.15-0.5 g/d) is 
associated with reduced graft and patient survival [12]. Consistent with these results we 
Table 3. Number of patients 
with bacteriuria/infection, with 
contaminated urine and without 
bacteria detection
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did not remark a prognostic relevance for measurement of proteinuria per day regarding 
rejection reaction. For proteinuria per litre no significant difference could be found either 
but proteinuria >0.5 g/l occurred more often in the Rej group. Despite all constrictions, we 
do recommend weekly measurements of proteinuria, which might provide indications for 
relapse of underlying disease, renal vein thrombosis or rejection.
For glucosuria no significant difference between the groups were detected. As diagnosis 
of diabetes mellitus demands blood glucose measurements anyway, there is no role for the 
measurement of glucosuria after renal transplantation. 
Antibiotic prophylaxis is done intra- and postoperative due to the operative intervention, the 
immunosuppression and the ureteral catheter. Antibiotic prophylaxis as used in our center 
prevents effectively symptomatic and asymptomatic bacteriuria as well as other infections 
like Pneumocystis jirovecii-pneumonia, toxoplasmosis, brucellosis, listeriosis and nocardiosis 
[13]. However, no consistent recommendations for screening and treatment of asymptomatic 
bacteriuria exist until now [14]. Results regarding the impact of urinary tract infections and 
bacteriuria on graft and patient survival are contradictory. While some recommend screening 
and treatment of asymptomatic bacteriuria in the first six months post renal transplantation 
as they found an impact between urinary tract infections and patient and graft survival 
[15], others suppose restricting antibiotic treatments for asymptomatic bacteriuria in the 
absence of pyuria, occurring later than one month post transplantation to be safe [16]. 
In a meta-analysis no significant difference was seen in graft loss comparing antibiotic 
prophylaxis with placebo for 1 month during the first 6 months after renal transplantation. 
Prophylaxis lowered the risk for developing sepsis and bacteriuria, but no effects on graft 
survival could be demonstrated [17]. As in the majority of our patients no bacteria have been 
isolated, we assume that antibiotic prophylaxis was effective in these cases. Asymptomatic 
bacteriuria and UTI were diagnosed in 35% (n=41) of the transplant recipients. As expected, 
all cases with antibiogram (n=29) showed resistance to co-trimoxazole. As 60% of the 
cultures were stated negative, we suggest performing a semiquantitative agar plate test first. 
Positive samples are to be sent for further microbiological examination. With this approach, 
remarkable costs can be saved.
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